human WNV infections have not previously been documented, although the virus was isolated from birds and detected in mosquitoes in 2008 and 2009. We therefore conducted a retrospective search for human cases of WNV infection using serum and cerebrospinal fluid samples collected from patients with central nervous system (CNS) disease in the summers of 2009, 2010 and 2011. Although all samples were negative for WNV by polymerase chain reaction, quantitative evaluation of standardised antibody assays with purified flavivirus antigens (including Usutu virus, which cross-reacts with WNV even in neutralisation assays) provided serological evidence for three autochthonous WNV infections in Austria: two in 2009 and one in 2010. Our data highlight the importance of raising awareness of WNV infections in Austria and neighbouring countries and suggest including testing for this infection in routine diagnostic practice of CNS diseases.
Introduction
West Nile virus (WNV) is a mosquito-borne member of the genus Flavivirus (Family Flaviviridae) [1] , which has a wide geographical distribution and is found in regions of Africa, Asia, Australia, Europe and the Americas [2] . Although most human infections are subclinical or result in mild febrile disease, about 1 in 150 infected individuals develop severe neurological symptoms with a potentially lethal outcome [3] . There is evidence for an increase and spread of WNV infections in Europe, especially in south-eastern countries [4, 5] . This was most noticeable in the Central Macedonian Region of Greece in 2010, where human WNV infections (n=262) resulted in 197 neurological cases and 35 deaths [6] . This was the third-largest human WNV outbreak in the World Health Organization (WHO) European region, after those in Romania in 1996 (Bucharest region; 393 cases and 17 deaths) and Russia in 1999 (Volgograd region; 826 cases and 40 deaths) [2] . In addition to such locally restricted epidemics, intensified surveillance programmes have documented the presence of the virus in animals and substantial numbers of human infections have been documented since the beginning of the 2013 transmission season in Greece (n=86), Hungary (n=29), Italy (n=66), Romania (n=22), Croatia (n=16), Serbia (n=260) and Russia (n=177) as well as sporadic human infections in Bosnia and Herzegovina (n=3), former Yugoslav Republic of Macedonia (n=1) and Montenegro (n=2), as of 10 October 2013 [5] . Both genetic lineages of WNV (I and II) have been associated with human disease and new introductions (most likely through migratory birds), as well as overwintering of the virus in mosquitoes, have been observed [4] .
Similar to the situation with WNV, there is increasing documentation of human and animal Usutu virus (USUV) infections in Europe since the first reports of its introduction in Austria in birds in 2001 [7] , with virus isolation and/or serologically confirmed infections in animals or humans in Hungary, Italy, Spain, Switzerland and Germany [8] . Although human USUV infections are believed to take a mild or asymptomatic course, impairment of neurological function has also been described in two persons with underlying diseases [8] .
Since WNV viraemia is short-lived, the amount of virus in serum and cerebrospinal fluid (CSF) samples has frequently dropped below levels detectable by polymerase chain reaction (PCR) when central nervous system (CNS) symptoms start and patients are hospitalised [9] . Therefore laboratory diagnosis usually has to rely on the detection of specific antibodies [10] . However, the results of these assays may be biased by crossreactive antibodies induced by other autochthonous or imported flavivirus infections and/or vaccinations. These include tick-borne encephalitis virus (TBEV), which is endemic in large parts of Europe, with high vaccination rates in certain countries (85% in Austria [11] ), dengue viruses (DENVs), yellow fever virus (YFV) (travel vaccination), Japanese encephalitis virus (JEV) (travel vaccination) and USUV. The problem of crossreactivity is most pronounced with viruses belonging to the same flavivirus serocomplex. WNV -like USUV -is a member of the Japanese encephalitis (JE) serocompex [1, 12] : these viruses have approximately 80% identical amino acids in the envelope protein E (Figure  1 ), the major target of neutralising antibodies. With such closely related viruses, cross-reactivities are not only observed in enzyme immunoassays but also in virus neutralisation assays [12] that are proposed for discriminating between different flavivirus infections [10] . Viruses of different serocomplexes (e.g. TBEV, DENV, YFV) have only about 40% identical amino acids in E (Figure 1 ). Cross-neutralisation is usually not observed in these cases [12] , but cross-reactivity is still detectable in enzyme-linked immunoassay (ELISA) and haemagglutination inhibition assays [13] .
Austria is adjacent to countries that have reported human cases of WNV infection (Italy and Balkan countries in the south as well as Hungary in the east [4, 5] 
Methods

Human sera
We analysed patients' serum and CSF samples that had been submitted to the Department of Virology, Medical University of Vienna during 2009 to 2011 for virological laboratory diagnosis of CNS infections (most of them being suspected cases of TBE). We used the following criteria for the selection of patient samples: (i) time window of August and September for sample collection date, because most of the WNV infections in other European countries have been reported in these months [15] ; (ii) age more than 70 years, because elderly people are more likely to develop CNS symptoms than younger people [15] ; and (iii) availability of serum and, if possible CSF, taken upon hospitalisation.
The controls used in the quantitative IgM and IgG ELISAs were sera from WNV-, USUV-and JEV-infected people obtained from the following: (i) an external assay quality control study performed by the European Network for Diagnostics of Imported Viral Diseases, ENIVD (WNV, USUV); (ii) a commercially available JE Detect IgM Capture ELISA from InBios, Seattle, WA, United States; and (iii) TBE cases confirmed at the Department.
All samples were tested with the approval of the local ethics committee.
West Nile virus IgM screening
For the screening of WNV-specific IgM antibodies in patient sera, the commercial WN Detect IgM Capture ELISA (InBios; Seattle, WA, United States) was used. 
Quantitative IgM and IgG determination for West Nile virus and closely related flaviviruses
IgM and IgG antibody titres were determined by ELISA using purified formalin-inactivated preparations [16, 17] of WNV (strain NY99; GenBank accession number DQ211652), USUV (strain SAAR; GenBank accession number AY453412), JEV (strain Beijing; GenBank accession number L48961) and TBEV (strain Neudoerfl; GenBank accession number U27495) as antigens (25 ng/well) directly coated to the solid phase of non-treated microtitre plates (Nunc, Thermo Fisher Scientific, Waltham, MA, United States). After blocking with phosphate-buffered saline containing 2% lamb serum and 2% Tween 20 for 30 minutes at 37 °C, 10-fold serial dilutions of sera (starting dilution 1:100) in blocking buffer were added and incubated for 1 hour at 37 °C. In the case of the IgM ELISA, sera were pre-incubated with rheumatoid-factor-IgG-absorbent (Siemens Healthcare Diagnostics GmbH, Eschborn, Germany). Biotin-labelled goat anti-human IgM or IgG (Pierce Protein Biology Products, Thermo Fisher Scientific, Waltham, MA, United States) together with Streptavidin−Peroxidase (Sigma-Aldrich Inc., St. Louis, MO, United States) was used for detection.
Titration curves were established using the absorbance values at 490 nm and fitted by a four-parameter logistic regression (GraphPad Prism 5.0). Titres were then determined by calculating the intersection of the fitted curve with the cut-off, which was defined as the threefold of the mean absorbance value obtained with eight flavivirus antibody-negative sera.
Determing IgG avidity
As an additional marker for recent infection, we determined the relative avidities of WNV-specific IgG antibodies. For this purpose, we used the same IgG ELISA as described above, except for a wash step after serum incubation in which either 6M urea or phosphate-buffered saline pH 7.4 was added for 5 minutes at room temperature [17, 18] . The dilution curves were fitted using a four-parameter logistic regression (GraphPad Prism 5.0) and the titres were determined at an absorbance value of 0.5 (490 nm). The avidity of each serum was calculated with the following formula: Avidity (%) = (titre with urea/titre without urea) x 100.
Neutralisation test
Serial twofold dilutions (starting dilution 1:10) of heatinactivated sera (duplicates) were mixed with an equal volume of virus dilution (containing 20-40 TCID 50 (50% tissue culture infective dose) of WNV strain NY99) and incubated for one hour at 37 °C. Vero cells were added and incubation was continued for four to six days. Presence of virus in the supernatant was assessed by the occurrence of cytopathic effects. Neutralisation test (NT) titres ≥20 were considered positive.
Detection of West Nile virus RNA
WNV RNA was extracted from 200 µl serum or CSF and eluted in 50 µl using the automated NucliSENS easyMAG extractor (bioMérieux, Marcy l'Etoile, France). A real-time TaqMan PCR for the detection of WN virus lineages 1 and 2 with primers and probe located within the conserved WN virus 3'-noncoding region was used, as described elsewhere [19] . The PCR was controlled using sera from an external proficiency panel as standards [20] .
Results
Samples of 110 patients with neurological symptoms and unknown aetiology were selected for this We also tested an additional sample (Case 3), even though it did not meet our selection criteria due to the young age of the patient. During initial tests in 2009, this sample (from an adolescent hospitalised with febrile infection) had shown titre rises in haemagglutination-inhibition assays with various flavivirus antigens, including WNV; however, the result was not verified at that time, because both PCR and WNV IgM ELISA were negative.
Information on the clinical picture, follow-up samples and other relevant available data of these three patients are summarised in the Table. To confirm these three putative WNV infections, we conducted further WNV-specific analyses of initial and follow-up samples, including quantitative IgM and IgG assays, IgG avidity assays and virus NTs (Figure 2) . Case 1 had not only IgM on hospitalisation, but also high levels of IgG antibodies, which had decreased in a follow-up sample taken about 2.5 years later. The initial IgG avidity was low but was much higher in the second sample, which was also positive in the WNV NT. For Case 2, only the initial sample was available, containing both IgM as well as low-avidity IgG antibodies and displaying WNV neutralising activity. Both of these cases thus met the laboratory criteria of the European Union (EU) definition for West Nile fever [21] . Case 3 was IgM-negative both in the initial sample as well as in follow-up samples taken 83 and 111 days later.
In contrast, IgG antibodies (not detectable in the first sample) were found in the two follow-up samples. The titres of these antibodies decreased from day 83 to day 111, whereas their avidity increased in this period, and both samples were NT-positive. Taken together these data are consistent with a recent infection caused by WNV or a closely related virus in all three cases.
To rule out possible misinterpretations due to crossreactivity, we performed ELISAs with WNV, USUV, JEV and TBEV under standardised conditions that allowed quantitative comparisons of antibody reactivities. The data obtained with serum samples of the three cases and control sera are summarised in Figure 3 IgM titre Virus antibodies), the cross-reactive IgM patterns of Cases 1 and 2 were similar to that of the WNV control serum and different from those of the USUV and TBEV control sera, i.e. they displayed much higher titres against WNV than against USUV and TBEV. TBEV-cross-reactive antibodies were not detectable in these samples and the TBEV IgM-positive serum did not cross-react in the WNV assay ( Figure 3 ). Similar quantitative differences were also observed in the IgG assays (Figure 4) , which in all three cases -like the WNV control serum -always showed the highest reactivity with WNV and thus differed substantially from the patterns obtained with the USUV, JEV and TBEV control sera. It is important to note that the specificity of the IgG ELISA results diminished over time (Cases 1 and 3; Figure 4 ) and was most prominent in early serum samples. Taken together, these analyses allowed the identification of recent WNV infections in all three cases. This is especially noteworthy with respect to Case 3: the patient's initial sample had neither WNV IgM nor IgG antibodies but only TBEV IgG antibodies due to vaccination. Since none of the patients had a travel history within IgG titre Virus the WNV incubation period (Table) , these cases were apparently caused by autochthonous WNV infections in Vienna or its surroundings. The place of residence of the three cases matches the locations of previously reported WNV isolations from birds [14] ( Figure 5 ) and/ or mosquitoes (Norbert Nowotny, personal communication, September 2012).
Discussion and conclusions
Our study was prompted by increasing evidence for WNV infections in Europe and led to the retrospective identification of three human cases of WNV infection in Austria that were probably autochthonous. The putative sites of infection were in Vienna and its surroundings and matched the locations of previously reported WNV isolation from birds and/ or mosquitoes. Consistent with the short viraemia in most of the documented human cases [10] and data from other studies [9] , we were unable to detect the virus in serum and/ or CSF samples taken at the time of hospitalisation, and therefore we cannot make any statements on the genetic lineage of WNV that caused these infections. Lineage 2 viruses, however, are the more likely candidates, because these were isolated from birds in the same geographical area in 2008 and 2009, whereas lineage 1 viruses have not yet been detected in Austria.
In addition to WNV, the closely related USUV also emerged in central and southern Europe, following its first detection outside Africa in Austria in 2001 [7, 8] . This virus cross-reacts with WNV in serological assays, including virus NTs [12] . Since the initial samples of all three patients with suspected WNV infection were PCRnegative, we established serological assays (based on inactivated purified virions) that allowed the differentiation between infections with WNV and USUV as well as other closely related flaviviruses. As expected, these assays displayed strong cross-reactivities between WNV and USUV (and JEV, another member of the same flavivirus serocomplex), not only in IgG but also in IgM assays. Only the comparison of the patterns obtained in quantitative and standardised immunoassays allowed a clear distinction between these infections. Our study thus points to the important fact that the serological differentiation between WNV, USUV and other viruses of the same flavivirus serocomplex requires comparative quantitative in addition to qualitative serological analyses, even when the NT (usually considered the most discriminating assay [22] ) is positive.
Of all European countries, Austria has the highest seroprevalence of antibodies to TBEV because about 85% of its population has been vaccinated against it at least once [11] . Since TBEV and WNV infections both display very similar clinical pictures, distinguishing between WNV and TBEV antibodies will be frequently required in routine diagnostic practice. The present and previous studies of our group [23] as well as others [24] , however, indicate that the extent of cross-reactivity between the two viruses -especially in IgM assaysis so low that distinguishing between recent infections is usually unproblematic.
Somewhat unexpectedly, one of our three cases (Case 3) had no measurable WNV-specific IgM antibodies, neither in the sample taken at symptom onset nor 83 and 111 days later, and would therefore not meet the EU case definition for West Nile fever [21] . All other parameters, however, were consistent with a recent Burgenland Carinthia WNV infection, including IgG seroconversion, increase of IgG avidity, WNV-specific NT and the reactivity patterns with USUV, JEV and TBEV. One possible interpretation would be that the first serum sample was taken before the onset of the antibody response and that IgM antibodies produced later on had already declined to non-detectable levels after 83 days. Consistent with the vaccination history, this patient had TBEV-reactive IgG antibodies at the time of symptom onset, which increased in the course of the WNV infection, presumably due to the boosting and/or new induction of cross-reactive antibodies (Figure 4 ). To what extent the immunity against TBEV might have contributed to a low and/or delayed WNV-specific IgM response remains unresolved and a matter of speculation.
Considering that our search criteria were restricted to people over 70 years of age (about 13% of the total population in Austria) [25] and that only less than 1% of infections (1/150) progress to severe CNS symptoms [10, 22] , it is justified to assume that the real number of infections in the east of Austria was at least in the range of several hundred in the study years. Our data are consistent with recent findings of increasing WNV antibody titres in human plasma collected in Austria, Germany and the Czech Republic from 2006 to 2010 [26] and support activities to increase vigilance for this infection as a potential public health problem in central Europe [27] . In this context, it is also important to strengthen the awareness of clinicians for WNV infections, especially during the summer months, and to include tests for WNV into routine diagnostic practice of CNS diseases.
